Accelerated partial breast irradiation (APBI) has been proposed as an alternative to whole breast radiotherapy in select patients undergoing post lumpectomy radiation therapy as part of a breast conserving approach. This comprehensive review attempts to assess the current literature and identify appropriate patients as well as supportive data.
Introduction
Preservation of normal appearance of the breast is an important objective in the treatment of breast cancer. Breast conserving surgery (BCS), either partial mastectomy or lumpectomy, followed by radiation therapy is now a well-established treatment of early stage breast cancer. The clinical outcome of breast conservation therapy (BCT) is equivalent or superior to either radical or modified radical mastectomy without adjuvant radiation therapy [1] [2] [3] [4]. The typical course of treatment consists of whole breast irradiation (WBI) delivered daily, 5 days a week, over 5 -6 weeks and is often followed by a 1 -2-week reduced field boost with electron beam, photons, or brachytherapy to the primary site. Local disease control and survival rates comparable to total mastectomy without radiation therapy are attained [5] [6] . Advances in Breast Cancer Research
The current standards for comparison of end-results in the local management of early stage breast cancer are mastectomy and BCS followed by WBI [1] [2] [3] [7] . Despite the efficacious alternative, a large proportion of women with breast cancer elect to undergo either a total mastectomy or BCS without the recommended adjuvant radiotherapy [8] - [13] . Patient preference may account for some cases, but many women appear to make this choice due to the logistical and personal difficulties associated with completing the standard 6 -7 weeks course of radiotherapy. As a consequence, local tumor control is suboptimal and the need for salvage mastectomy is higher than necessary. Although the predominant value of postoperative radiation therapy is local tumor control, some studies suggest that survival may also be enhanced [14] .
Given the established efficacy of BCS, the current trend in radiation therapy for early stage breast cancer is to decrease the time in which the radiation is administered (hypofractionation), or decrease the volume treated (partial breast irradiation). Accelerated partial breast irradiation (APBI) encompasses both modifications to standard treatments, as both the volume and duration of treatment are reduced. The intent is to deliver radiation to those tissues that are at most risk of having residual cancer, while sparing uninvolved normal tissue. The entire course of radiation can be safely delivered in one week because the target volume is small, and only moderate doses of radiation are applied. This makes APBI a convenient alternative to WBI, allowing more women to complete adjuvant treatment, which has potential to increase breast preservation rates, and avoid the cost and morbidity of salvage mastectomy. This potential was recognized in the early 1990s, when APBI was introduced. The concept that breast cancer progresses from an index lesion in one part of the breast, and when detected early, only a part of the breast needs to be treated because this primary tumor site is, by far, the most common site of recurrence also supported development of this treatment technique [15] . Pioneering work in the modern era was first conducted at the Ochsner Medical Institutions in a phase II study utilizing multi-catheter volume interstitial brachytherapy, to compare with the standard use of external beam WBI. The study concluded that brachytherapy as the sole method of radiation therapy following segmental mastectomy had similar outcomes in regards to complication rates, cosmesis, and local control when compared to external beam radiation therapy [16] .
A substantial body of literature supports the safety and efficacy of multi-catheter APBI [17] - [23] . Subsequently, a single entry site balloon catheter [25] . These criteria are not universally accepted. A consortium of German Oncology Societies consensus was APBI should be offered through a clinical trial [26] . The California Technical Assessment Forum (CTAF) has indicated that breast brachytherapy is the only form of radiation which does not meet their criteria for use in women with early breast cancer [27] .
The prerequisites for the widespread adoption of APBI are:
1) Rationale is supported by patterns of local failure.
2) Reliable treatment methods are generally achievable.
3) Outcome data convincingly demonstrate tumor control equivalence to WBI.
4) Morbidity and cosmetic results are equivalent to WBI.
Patterns of Disease Recurrence within the Breast
The rationale for APBI comes from contemporary pathologic studies and pat- fect of postoperative radiation is the prevention of local tumor recurrence at the site of the primary tumor [38] . These observations buttress the development and incorporation of APBI in the management of select breast cancer patients in order to minimize the likelihood of a local recurrence as well as radiation to healthy tissues.
Treatment Methods
The two requirements for success with APBI are accurate identification of the treatment target and achievement of dosimetry sufficient to control microscopic residual disease within the breast. Five approaches to partial breast irradiation In this method, the prerequisite multi-catheter multi-plane implant is placed percutaneously into breast tissue in and around the resection site to create a 3-dimensional treatment volume that encompasses suspected residual microscopic disease. Local or regional anesthesia with sedation, or general anesthesia is needed for multi-catheter implants. LDR multi-catheter brachytherapy necessitates several inpatient hospital days to manage the indwelling radioactive sources. Continuous radiation safety precautions and restrictions are also required. Multi-catheter interstitial brachytherapy was used for many years as an LDR boost following whole breast radiotherapy [1] . It was adapted as a method of APBI when it was hypothesized that only part of the breast needed irradiation for small tumors. The major difference between the boost and definitive APBI is that APBI involves larger target volumes, shorter courses, and higher doses.
LDR brachytherapy has been largely replaced by HDR. HDR is the temporary insertion of a single, high activity radiation source by a computerized robotic delivery device. Unlike LDR, where there are continuous radiation safety concerns for medical personnel and family, with HDR, the radiation is confined to the patient. Because it is typically administered in a series of treatments over approximately 1 week, HDR can be conveniently performed in an outpatient setting [40] .
Unlike the balloon catheter and related methods described below, the timing of the multi-catheter method is flexible because it does not depend upon a seroma cavity. The absence of the cavity, however, can make accurate targeting of the catheter placement less certain. Analysis of pretreatment images, surgical pathology, and image guidance of catheter placement is, therefore, paramount.
Multiple-catheter interstitial brachytherapy requires procedural skill and attention to target anatomy for optimal placement. The benefits of this modality are that it offers the most flexibility and highest level of dosimetry control due to the hundreds of potential source dwell positions created by the catheter matrix. [47] . A deflated balloon catheter device is inserted into the resection site through the skin and then it is inflated to fill the lumpectomy cavity. The treatment target is 1 cm of compressed tissue adjacent to the surface of the balloon [45] . To achieve the proper dosimetry, the applicator must fit correctly into the surgical cavity without major air or fluid gaps. Furthermore, the balloon surface should be at least 7 mm beneath the surface of the skin. Correctly fitted applicators are believed to have dose distributions similar to those achieved with a fully encompassing multiple catheter implant [18] [45] . Once the device is appropriately placed, treatment is delivered with an HDR source which is inserted near the center of the balloon. Due to the relative ease of insertion, and the office-based site of service, balloon brachytherapy has become a common form of APBI.
Subsequent to the approval of the MammoSite™ a number of similar multi-channel alternative devices have been designed. The Contura device made by SenoRxhas multiple channels within the balloon [48] . There are also applicators available that lack the balloon component, but have multiple channels: Clear Path and Saviby (Cianna Medical [49] [50] [51] . These multi-channel devices with multiple source positions permit asymmetric distribution of radiation around the applicator. There are two specific advantages of these types of devices in comparison to single-lumen implants. First, applicators positioned too close to the skin (and perhaps the chest wall) that stress normal tissue tolerances can be dosimetrically adjusted to spare dose to these regions. Second, they can better accommodate irregular lumpectomy cavities or excision sites. Multi-channels applicators involve more complex computer planning and they are somewhat more bulky for patients to wear than the MammoSite. They require rotational orientation checks for proper treatment delivery.
The various brachytherapy applicator delivery systems, including multi-catheter, single channel balloon, and multi-channel devices, are all satisfactory approaches to breast brachytherapy. The radiation dosimetry, for example, is similar for balloon and interstitial methods [45] [52] . They are functional variants of interstitial brachytherapy when the sources are placed in optimal anatomic relationship to the surgical cavity, and if correct use of the inverse square principles of brachytherapy is made to deliver a high dose to the target, while maintaining relatively lower doses to surrounding normal tissue.
External Beam APBI has been developed using external beam in various forms, including three-dimensional conformal radiation therapy (3D-CRT), intensity modulated radiation therapy (IMRT), Tomotherapy, and Proton Beam Therapy (PBT) [53] - [58] . The distribution of radiation typically involves a larger portion of the 3D-CRT, which may lead to improved clinical outcomes in pain and cosmesis [65] . It is important to keep in mind uncertainties of dose, fractionation, dosimetry and outcomes when considering implementing EBRT for APBI until long-term data is available.
Electronic Brachytherapy
The newest form of APBI is electronic brachytherapy (XOFT Axxent™, Xoft
Inc., Sunnyvale, CA, USA). It follows the same basic principles as balloon brachytherapy, but uses a small kilo-voltage X-ray source rather than a radionuclide. The electronic source of radiation has been miniaturized so that it can be inserted into the center of a breast brachytherapy balloon. As with HDR-based APBI techniques, electronic brachytherapy allows for significant dosimetric manipulation of dose through the use of various dwell positions. The major benefit of this modality over interstitial brachytherapy lies within the differences of shielding requirements. Use of HDR with Iridium-192 requires adequate shielding of treatment rooms to protect medical personnel and other patients in the surrounding areas. For facilities without such accommodations, electronic brachytherapy is a feasible alternative to offer to patients. There is multicenter observational data to suggest that satisfactory toxicity profile, cosmesis, device performance and local-regional recurrence rate can be achieved with this form of APBI [66] .
Permanent Seeds
Permanent seed implantation is a form of LDR brachytherapy that has been Permanent seeds must also account for the heterogeneity of breast composition when calculating dosimetry. Factors such as increasing breast adipose proportion can decrease dose to the PTV while increasing dose to the skin [68] .
Intraoperative radiation therapy (IORT)
Other approaches to APBI involve intraoperative radiation therapy ( Table 1 illustrates that properly standardized multi-catheter APBI achieves high tumor control rates and cosmetic outcomes comparable to 5 -6 weeks of whole breast irradiation. The first long term outcome was reported from the Oschner clinic who reported 6 year follow up on 51 patients (26 HDR and 25 LDR) [16] .
Multiple Catheter Tube and Button
Local control in the breast was 98%. This experience was used to develop RTOG 95-17 [22] . In that national study 99 patients were followed with a median follow Six breast failures (5 breast only and 1 with axillary adenopathy) were observed giving a ipsilateral breast tumor recurrence (IBTR) rate 1.6% at 5 years and 3.8% at 10 years. All six patients underwent successful salvage mastectomy. There were 3 additional supraclavicular regional lymph nodal failures resulting in a 1.6% 10-year nodal failure rate. The 10 year survival rates were 94% disease-free survival (DFS), 96% distant metastasis free survival (DMFS), and 95% cause specific survival (CSS). Overall survival (OS) at 5 and 10 years was 87% and 73%. Advances in Breast Cancer Research
Good to excellent cosmetic results achieved were 99%. There were no serious complications; 4% had asymptomatic fat necrosis, 4% had grade II fibrosis, and 6% had grade I/II persistent edema. Long-term results with multi-catheter APBI demonstrated excellent long-term local and regional control rates and good to excellent cosmetic results. A molecular clonality loss of heterozygosity assay was also performed on these patients to assess the relationship of local recurrences to the primary tumor [73] [75]. These genetic tests of tumor cells indicated that 5 of 6 (83%) cases of local recurrences were clonally related to the original tumor (all successfully achieved local control with mastectomy). In contrast, only 1/7 patients who developed distant metastases was found to be clonally related to the IBTR. With the low rate of local recurrences, and confirmation that the major source of those occurring in patients were of the primary tumor, this point further illustrates further the extent APBI control over the primary tumor. In order to compare the rate of local control in patients with similar prognostic factors treated with WBI, n a matched pair analysis was performed [74] . The 199 APBI cases were matched from a reference group of 1388 patients treated with WBI at William Beaumont Hospital. Patients were matched for age, tumor size, histology, resection margin, the absence of extensive intraductal component, nodal status, tamoxifen use and follow-up. Between APBI and WBI no statistically significant differences were noted in the rates of local recurrence (both 1%) regional failure (both 1%) distant metastases (3% vs. 5%) disease free survival (87% vs. 91%), overall survival (87% vs. 93%), or cause specific survival (both 97%). To supplement, related retrospective comparisons have concluded that APBI is an effective radiation treatment modality at least equivalent to whole breast external beam radiation therapy (EBRT) [41] [76] .
The largest published results with multi-catheter interstitial brachytherapy APBI from outside the US are from the German-Austrian multi-center trial [20] . This phase II trial consisted of 274 patients between 2000 and 2005 with tumors ≤ 3 cm, resection margins ≥ 2 mm, pN0 or pN1 mic , no evidence of contralateral breast cancer or distant metastases, ER+ and ≥35 years old. Sixty four percent (175/274) received pulsed-dose-rate (PDR) 49.8 Gy in 83 fractions of 0.6 Gy each hour and 36% (99/274) received HDR 32 Gy in eight fractions. The median treatment time was 5 days and median follow-up was 32 months (range 8 -68). IBTRs were observed in 2 (0.7%) patients. The distant metastases free and overall survival rates were both 99%. The cause specific survival was 100%. Cosmetic results were excellent in 257/274 (94%) by physician and 251/274 (92%) by the patients. Morbidity was low; 4.7% fat necrosis, 0.45% grade 3 fibrosis, and 1.1% grade 3 telangiectasia.
Another significant APBI study (247/273 multicatheter brachytherapy; 26 MammoSite™) with 5 year results (median 49 months follow-up) used the NSABP/RTOG intergroup criteria to define "high and low risk groups" by having one or more of the following features: age < 50 years, estrogen receptor negative, or one to three positive nodes without extra-capsular spread [19] . Impor-
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tantly, there were no significant differences in actuarial IBTR-free rates between the low and high risk groups (97.3% and 93.6%) and these findings are comparable to WBI. Three other studies listed in the table with 2 -3 years follow up had no IBRT and a breast local control rate of 99%.
Results from a prospective non-randomized study from the National Institute of Oncology Hungary demonstrated high local tumor control. IBTR was lower with APBI using HDR multi-catheter interstitial brachytherapy (6.7%) than with electron beam WBI (10%) after 81 months follow up. Cosmetic ratings for the HDR and WBI groups were good or excellent 84.4% and 68.3% respectively [77] .
The axillary rate was 6.7% at a median follow-up of 57 months [78] .
A randomized phase III trial from the same institution compared APBI (n = 4.7% for APBI and 3.4% for WB-EBRT (p = 0.50). Overall, disease free, distant metastasis free, and cancer-specific survival rates at 5 years for APBI versus WBI were 95% vs. 92%, 88% vs. 90%,93% vs. 93%, and 98% vs. 96%. The 5-year probability for developing contralateral breast cancer after APBI was 7.1% and WB-EBRT was 2.4% (not significant at p = 0.12).The rate of excellent to good cosmetic result was 78% in the APBI arm and 63% in the WBI arm (p = 0.009).
Therefore, in this study, APBI did not increase the risk of IBTR, elsewhere failure in the breast, and there were no differences in OS, DFS, DMFS, or CSS. The cosmetic result for APBI was better than for WBI [78] .
At this time, a five-year analysis of the randomized phase III trial, GEC-ESTRO has been published [79] A new advancement in brachytherapy is the use of strut-based applicators.
Results of a 2016 retrospective study show that the first 250 participants have comparable local recurrence and cosmesis results to other major trials such as GEC-ESTRO. 34 Gy/10 F (twice daily) were used and showed true recurrence/marginal miss at 2.3% and ipsilateral breast tumor recurrence at 3.6%.
Good to excellent cosmesis was reported in 85.9% of the participants [81] . Table 2 presents the MammoSite™ balloon catheter published results in cases with proper patient selection criteria and quality assurance. Since the balloon catheter was designed to achieve target coverage goals established with multi-catheter brachytherapy, it is believed that if properly applied and with good case selection the balloon catheter method will achieve comparable good long term outcomes as multi-catheter brachytherapy. It was approved for use by the [17] . Forty-three cases were selected for treatment and 27 cases were excluded on technical criteria (16 cases with cavity sizes <3 cm or extensive intraductal component) and 11 cases of poor cavity conformance led to removal of the catheter without treatment. Seven patients were unavailable long term follow up (3 died or sent to hospice for unrelated illnesses, 2 had distant metastasis, 2 lost to follow up). There were no local or contralateral breast cancer failures in the 36 patients followed a median of 5.5 years. Cosmetic results were good to excellent in 83% in patients with 5-year follow up.
Balloon Catheter
A large multi institution APBI balloon brachytherapy study enrolled 483 patients between 2000 and 2005. They received HDR 34Gy in 10 fractions over 5 days [81] . At a median follow-up of 24 months, there was 99% local control and 0.2% IBTR. Cosmesis was good to excellent/good in 91%. Cause specific survival was 99.8%.
A phase II study from Europe enrolled 43 patients 2003 to 2005 with T1N0 breast cancer [86] . The median age was 72 years. Twenty-five (58%) patients were treated with high-dose rate brachytherapy using the MammoSite™ applicator to deliver 34 Gy in 10 fractions. Publication of their early results (13 months median follow up) had no IBTRs and the rate of "good to excellent" cosmetic results was 84%.
The William Beaumont Hospital treated 80 patients with MammoSite™ between 2000 and 2006 [87] . The 3-year IBTR was 2.9%. There were no regional failures. Amolecular-based clonality assay indicated both recurrences were derived from the original primary tumors. Younger age was associated with IBTR.
An 88.2% good to excellent cosmetic results were achieved at 36 months.
External Beam Radiotherapy
The most recent technique to be investigated as a method of APBI is external beam radiation therapy. Pilot studies have shown it is technically feasible and [92] . In another study the dosimetry of 3 types of EBRT and multi-catheter interstitial APBI were compared (n = 13) [93] . It was concluded that PTV coverage was excellent with all techniques, but multi-catheter interstitial and prone tomotherapy resulted better normal tissue sparing than supine EBRT 3D-conformal or supine tomotherapy.
A randomized prospective phase III study in 1234 women with invasive breast cancer treated by lumpectomy with pathologically clear resection margins and negative axillary nodes were assigned to receive whole breast irradiation of 42.5 Gy in 16 fractions over 22 days (arm A) or 50 Gy in 25 fractions over 35 days (arm B). The IBTR at 10 years was 6.2% in arm A and 6.7% in arm B [94] . This regime with larger dose per fraction resulted in 70% of patients in arm A and 71% in arm B reported good to excellent cosmetic results. There were no statistically significant differences in toxicity.
There are 4 observational studies of external beam APBI. The typical course of therapy consists of between 32 -38.5 Gy delivered twice daily over the course of one week. The results are summarized in Table 3 .
A small 3D-CRT pilot study on 10 patients that delivered 25 -30 Gy in 10 days achieved a 100% local tumor control after 36 months of follow up [73] . cases. Mean doses were 1.8 Gy to the ipsilateral lung and 0.8 Gy to the heart. The authors concluded that 3D-CRT APBI is feasible. Another 3D-CRT APBI study of 91 patients used a target volume of the lumpectomy cavity plus 10 -15 mm [96] . The prescribed dose was 34 or 38.5 Gy in 10 twice daily fractions. The median follow-up was 24 months. There were no local recurrences. Cosmetic results were rated as good/excellent in 91% at 2 years (n 21). Morbidity consisted of Grade I/II telangiectasia 9%, fibrosis 18%, fat necrosis 9% and transient grade III breast pain 3%.
A more recent 3D-CRT APBI study of 98 patients used a planning target volume (PTV) by expanding on the lumpectomy cavity by 1.5 -2 cm. The total dose was 32 Gy using 4 Gy fractions given twice daily. The median follow up was 71 months. There were 5 IBTRs. All IBTRs were located more than 3 cm from the site of the primary tumor and had the same histology and receptor status as the initial tumors. Triple negative status was the only significant predictor of IBTR, with a hazard ratio of 15.4 (range, 2.6 -92.9; p = 0.0537).
While 3D-CRT relies on physical wedges to reduce the dose delivered to adjacent healthy tissue, IMRT allows rapid re-blocking during patient treatment which allows the provider to vary the size and intensity of treatment beams and deliver spatially non-uniform doses to allow a more homogenous dose distribution to the target site [65] . The higher degree of control has led to superior clinical outcomes using IMRT compared to 3D-CRT in tumors of various organs [97] - [102] . Although there are many advantages IMRT offers, there are relatively few groups that have investigated its use to deliver APBI. Two such studies are discussed.
A Phase II study gathered data on the efficacy of APBI using IMRT on 136 patients across 6 facilities, with stage 0/1 breast cancer following breast-conserving therapy [65] . Patients received 38. Image guided IMRT was employed in a phase I/II trial of 20 patients to evaluate the feasibility of IMRT in the prone position [103] . Patients were given 38.5
Gy delivered in 10 fractions over 5 days, with a PTV of 2 cm around the lumpectomy cavity. With a median follow up of 19 months there were no recurrences and 95% of patients had good to excellent cosmesis. Dosimetric conformality and toxicity profiles were comparable to other APBI methods.
The Budapest randomized trial released 10-year results comparing APBI to WBI [104] . A total of 258 women were assigned to 50 Gy WBI (n = 130), 5. 
Intra-Operative Radiotherapy (IORT)
Intraoperative radiotherapy (IORT) in various forms has primarily been investigated mostly in Europe [109] [110] [111] . Two institutions are performing prospective randomized trials comparing IORT with WBI. At the University
College of London (UCL) a low energy x-ray device, the Photon Radiosurgery System (PRS™) developed by Photoelectron Corporation, is inserted into the lumpectomy cavity at the time of lumpectomy to deliver 21 Gy to a 2 mm depth [105] . After a median follow-up of 24 months on a pilot study there were no recurrences or major complications [111] .
The European Institute of Oncology (EIO) EIO is performing targeted intraoperative trial (TARGIT) through 33 international centers in 11 countries [112] . Treatment will be given prior to lumpectomy through a standard partial mastectomy incision to the 90% isodose line using 1 cm. anteroposterior and 2 cm.
lateral margins (Table 4) .
Proton Beam
Preliminary experience with proton beam APBI in 20 patients has been reported [56] . There were no local failures within the first 12 months of follow up but acute skin reactions prompted the authors to modify the technique.
Good-to-excellent cosmetic results were noted after 12 months in all cases.
Proton beam therapy (PBT) has also been shown to reduce the expression of Cyclooxygenase-2(COX-2) and Matrix Metalloproteinase-9 (MMP-9) which have been shown to increase cell migration and proliferation in various cancers including colon, lung and breast cancer [117] . The study revealed that external PBT prevented the phosphorylation of Protein Kinase B (PKB) a regulator of COX-2 and MMP-9 and thus prevented their expression.
Intensity modulated proton beam therapy (IMPT) for APBI is delivered via a scanning proton pencil beam, which paints the treatment target spot-by-spot, using scanning magnets to control lateral spot location while varying initial proton energy to control spot depth [118] . IMPT significantly was show to significantly reduce the dose to normal tissue compared with 3 DCRT [119] . While studies have indicated that PBT, as well as IMPT using scanning beams produces superior dose distribution for multiple disease sites, IMPT is sensitive to delivery uncertainties [120] [121] [122] . The large variation in dose from these uncertainties can result in under-dosing of target tissues, or overdosing normal tissues.
A phase I trial examined relative toxicities in patients treated with APBI comparing 3D-CRT photon based techniques and PBT [123] . 98 patients with stage I breast cancer were given 32 Gy in 8 fractions twice daily, of which 19 were treated using PBT and 79 were treated with 3D-CRT photons. At a median follow up of 83 months local recurrences were similar between the groups (6% and 4% in PBT and photon groups respectively). Physician rating of overall cosmesis was good or excellent for 62% of PBT patients, compared to 94% for photons patients (p = 0.03). PBT also caused higher rates of long-term telangiectasia, skin toxicities, and skin color changes. More advanced techniques for PBT may yet be required for it to achieve cosmetic and toxicity profiles comparable with other techniques. Proton beam therapy is also more costly than conventional treatment and potential benefits must be weighed with the consideration of the associated costs to the health-care system [124] .
Permanent Seeds
The first report of permanent breast seed implants (PBSI) using Pd-103 seeds came from Sunnybrook and Women's College Health Sciences Centre. There were 16 patients with early-stage breast cancer referred to the hospital for adjuvant breast irradiation after breast-conserving surgery that underwent PBSI [125] . An average of 70 seeds were used (range, 44 -90 seeds), and planning target volume (PTV) receiving at least 100% of the prescribed dose (V100) was 95.0% on average. The procedure was well tolerated in regards to pain, and acute skin toxicity was minimal during the 2 months after the implantation. All patients had complete healing at 2-month follow-up. A subsequent Phase I/II trial performed included 67 patients with infiltrating ductal carcinoma treated with a Pd-103 permanent breast seed implant as adjuvant radiation therapy after breast-conserving surgery [126] . The trial aimed for post-implant dosimetry coverage similar to prostate brachytherapy, with the PTV receiving a V100 of greater than 90%. A median of 71 seeds were implanted per patient (range, 33 -102 seeds). The first half of patients study received a mean post-implant V100 of 82% compared with 89% for the second half of the patients. After a median follow-up of 32 months, no patient developed a breast recurrence. Overall, treatment with PBSI was well tolerated, with less than 5% of patients experiencing significant pain during the procedure and without any immediate perioperative complications [67] . The prescription dose of 90 Gy to the target volume was based on a time-dose fractionation schedule equivalent to 50 Gy in 25 fractions of external beam radiation [127] . However, the ideal prescription dose is currently unknown.
APBI Results in Cases without Strict Selection Criteria or
Quality Assurance Table 5 shows results of studies without clear or limited selection criteria and poor quality assurance measures. Unlike the results in patients with well-defined selection criteria and quality assurance measures which compare favorably to whole breast radiotherapy, those without selection criteria and quality assurances are unsatisfactory. Proper case selection and quality control of the specific technique must be applied if good outcomes are to be expected. 
Patient Selection Criteria
Patient selection criteria for APBI have been defined by the American Brachytherapy Society and the American Society of Breast Surgeons as shown in Table   6 . The intent of the criteria is to identify the subgroup of women that have a li- The American Society for Radiation Oncology (ASTRO) has defined three subsets of patients when considering APBI as treatment; "suitable", "cautionary", and "unsuitable" groups. All patients being considered for APBI should be candidates for BCT with no prior radiotherapy, history of collagen vascular diseases, and should not be pregnant. Patients should be committed to long term follow-up to check for recurrences, other primary cancers, and toxicity from treatment [133] . A Surveillance Epidemiology and End Results (SEER) analysis calculated that 44,797 (41.2%) women treated for breast cancer between 2010-2012 showed eligibility for APBI according to ASTRO guidelines [134] ( Table 7) .
Randomized Prospective Clinical Trials
There are three approaches to APBI in general use; multi-catheter, balloon catheter and similar devices, and 3D-CRT. Outcome data indicates that multi-catheter brachytherapy is comparable to WBI for properly selected cases. When correctly administered balloon brachytherapy offers similarly satisfactory dosimetry. Although there is less follow up studies with proper case selection Since analysis must await full accrual the results of both these studies will not be available for some time to come. The long term results of the Hungarian which finished accruing in 2004 demonstrates that multi-catheter APBI is safe and effective treatment for properly selected cases [23] . IORT has accumulated considerable prospective supportive data. The result of the randomized IORT versus WBI trial is pending.
Socioeconomic and Practical Considerations
There are many reasons to have APBI available as a treatment option. 1) Supporting Data: There is sufficient outcome and safety data to support applications in early breast cancer.
2) More convenient: A short course of radiation is more convenient than a long one.
3) Improved access: According to the SEER database, upwards of 40% of lumpectomy patients do not receive adjuvant radiation therapy. In effect, a large proportion of women with breast cancer lack access to standard radiation therapy. Under utilization of radiation therapy leads to higher local failure rates, more salvage mastectomies, and it may in some cases result in decreased survival. APBI with its short course makes it possible for more women undergo the recommended adjuvant radiation therapy. Offering APBI would improve health outcomes for the population of women with breast cancer. 4) Improved breast conservation rates: APBI would improve the breast conservation rates. It has been shown that the percentage of women getting mastectomies as initial treatment is proportional to the distance from a radiation therapy center. Although it may not be the only factor, the obvious conclusion is that many women choose mastectomy because they are unable to access the facility or afford the transportation, lodging or time away from home or work. APBI would allow many of these women to select breast preservation. 5) Potentially less toxic: Whole breast radiation may be more toxic to surrounding tissues that APBI particularly in women with certain underlying cardiopulmonary or systemic illnesses due to less tissue irradiated with APBI.
Approximately two years ago, the NSABP B39/RTOG 0143 clinical trial of partial breast irradiation changed eligibility criteria to exclude "low risk" patients by limiting enrollment to women under the age of 50 or those who were This analysis showed that partial breast radiation was superior to conventional whole breast radiation therapy in quality-adjusted life expectancy and that partial breast irradiation was the preferred treatment modality. At a minimum, patients should have reasonable access to such treatment.
Conclusions and Summary Recommendations
APBI has an established role in early breast cancer. Proper case selection and quality control measures of the treatment process are key ingredients for a successful outcome. Randomized clinical trials will clarify selection and exclusion criteria.
The following guidelines are recommended: 1) Established selection criteria should be used;
2) The target volume should include the 1 -2 cm margin of tissue surrounding the lumpectomy cavity;
3) One of the accepted techniques familiar to the practitioner should be employed;
4) The target volume and normal tissue dosimetry should be consistent with accepted standard parameter, such as using with RTOG 95-17 or NSABP B-39/RTOG 0413;
5) The applicator to target relationships should be verified by imaging prior to treatment delivery.
